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ABSTRACT
The methods used to create visual effects for feature film production are quickly
evolving. Cutting edge techniques are constantly being improved upon, and the
capability to solve unique problems is paramount in real world production. I present a
creative project which utilizes novel applications of common techniques, such as
projection mapping, multi-tile UV workflows, procedural texture generation, normal
mapping, and image based lighting.
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INTRODUCTION
The goal at the outset of this creative thesis was quite simple: make something
that looks cool. There are many things that might be described as “cool,” and many
different opinions about what constitutes coolness. From my perspective, coolness was
a Sci-fi Fantasy Aircraft. So that is what I set out to create. I was particularly inspired by
vehicles which have the ability to fly in both outer-space and atmospheric
environments. I developed specific goals for the type of look I wanted to achieve, the
kinds of materials I would be creating, and the sort of animation that would be best
suited to showcase my work. I knew at the beginning of the project that I wanted to
produce very detailed texture work. I also decided that I wanted to incorporate a
certain style of cinematography that I had often seen in blockbuster feature films. My
goal was to create these shots completely from scratch in a three dimensional
computer generated environment, using Autodesk Maya and mentalray for rendering,
and The Foundry’s Nuke for compositing. As the project progressed, I encountered
many challenges, learned valuable skills, and authored unique solutions to the
problems that stood in my way.
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MODELING
The modeling process played a key role in establishing the style of the project. I
relied heavily on reference images to aid my judgement of scale and form, and
developed a futuristic looking aircraft that felt appropriate for the shots I envisioned.

One of the challenges that I faced during the modeling phase was creating a UV
map which would not distort any of my texture work. For many pieces of my ship, it was
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not difficult to accomplish this. However, some of the pieces were uniquely shaped, and
were not well suited to the type of UV creation tools that I had access to from within
Maya. For these more challenging portions of my model, I utilized Blender, a free
software package which has a much more powerful UV manipulation toolset.

The “auto-smooth” feature in Blender is able to correct UV distortion
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TEXTURING
One of the main goals of this project was to create very high quality, high
resolution textures. In order to accomplish this goal, I developed a texturing workflow
which leveraged multi-tile UV capabilities in Autodesk Mudbox, as well as other
powerful texturing tools such as nDo, Substance Designer, xNormal, and Crazybump. In
a traditional texturing workflow, a single material generally has a single UV layout
associated with it. The more detailed an asset is, the more resolution has to be packed
into that single image. Storing all of the texture information for something as detailed as
my fantasy aircraft would be completely impractical. All parts of the ship needed to
maintain resolution at close distances, and a single texture solution would have
necessitated at least 16,000 pixels in width and height. By distributing the surface of the
ship into five distinct UV tiles, I was able to work with images that were a slightly more
manageable 8,192 pixels in width and height. When working in Mudbox, these disparate
texture images were presented in a seamless fashion, enabling me to paint across the
surface of my model without manually specifying to which image the texture data
needed to be saved. Texturing was accomplished through a mixture of procedural and
hand painted techniques. The fractal texture in Maya was used to create the base
“desert camo” look. The Substance Designer plugin for Maya was used to automatically
create surface detail in logical areas, such as dents and scratches on panels. These
details were then manually refined in Mudbox.
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LIGHTING AND RENDERING
To light my scenes, I developed an environment in Terragen, a specialized
environment creation tool. Terragen enabled me to export high dynamic range
spherical textures that I used to create illumination and environmental reflections in
mentalray for Maya. This particular HDR was used for the lighting in all three shots:
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FLYBY SHOT
The Flyby Shot consists of a two dimensional Matte-Painting, which has been
projected onto simple 3D geometry in order to give a sense of parallax. Originally my
plan was to create the mountain range in full 3D, however my thesis advisor guided me
towards projection techniques, which saved me a large amount of time and effort. The
rendered aircraft was then composited over the 3D projection to complete the scene.

The final shot

If the projection surface is not orthogonal to the camera, the image becomes distorted.
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TRACKING SHOT
A previsualization phase enabled me to quickly get an idea of what I wanted this
shot to look like. Because of this, after my first pre-vis pass I was able to quickly
determine that the shot did not have a good enough sense of speed. I was then able to
incorporate changes to help communicate the camera move better. In order to create
a believable environment for this shot, more than just a 2D matte-painting was
required. I rendered a full 3D environment in Terragen, and projected this fully lit
render onto matching geometry exported from terragen. The exported geometry from
Terragen was incredibly dense, and when attempting to render the projection in Nuke,
there were major errors in the resulting frames.

This failed frame shows Nuke being pushed past it’s limits.
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It would have been possible to create low resolution geometry that was faster for
the computer to render, but attempting this resulted in poor quality projections, and
correcting them would have taken longer than simply running the expensive
calculations on the full resolution geometry. To this end, I switched my rendering engine
from Nuke to mentalray, and mentalray was able to handle the extremely dense
geometry without introducing undesirable artifacts.

The dense geometry export from Terragen

The final shot
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Another effect which I utilized in both the Flyby Shot and the Tracking Shot was
heat distortion. In order to create the heat distortion, I subtracted an animated noise
pattern from itself with varying offsets, to create complementary distortion maps in the
red and green channels. The red and green channels of the heat distortion correspond
to displacement in the x and y axes. It was important to perform subtractive blending in
order to create negative values in the interlocking noise patterns, because the effect is
more believable when pixels are displaced with positive and negative width and height.
These animated noise textures were placed on 3D cards inside Nuke, which I had
constrained in Maya to match the animation of the fantasy aircraft, and then exported
to the .fbx format, which Nuke accepts natively.

The rgb values which drive heat distortion effect.
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TURNTABLE SHOT
The turntable shot required the most time out of all three shots. Because of the
close camera angles in the turntable, the texture work is on prominent display. This shot
was the primary reason for using a multi-tile UV texture workflow.

In addition to a more complex texturing workflow, a more complicated material setup
was necessary in order to apply the textures to the geometry correctly. In a typical
workflow with mentalray for Maya, a material consists of at least three maps, the
Specular map, the Diffuse map, and the Normal map. These maps are all plugged into
the material, and determine various surface properties. The Diffuse map is the base
color of the aircraft; what it might look like on a cloudy day with no harsh lighting. The
Specular map is a black and white image which determines how reflective the aircraft
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is. In areas with dirt, this map contains dark values, indicating less reflectivity. The
Normal map tells the material how bumpy the surface appears.

A typical material setup with only three inputs to the final material.

A texture map used to define surface properties of the fantasy aircraft.
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In the version of Maya which was used to complete this project, materials would
only accept a single texture input. In order to work around this limitation, it was
necessary to offset each texture to it’s appropriate UV tile using the place 2D texture
node, and then combine the textures using a layered texture shader. This resulted in a
more complicated material network.

A more complicated material network, with five texture inputs for each texture type.
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CONCLUSION
The high fidelity requirements of visual effects for feature film production
constantly present new challenges. Many of the techniques used to complete this
creative thesis are currently being used in the visual effects industry. Each visual effects
project is unique, and requires a flexible, creative, and artistic attitude. The result of the
research completed for this creative project provides valuable knowledge and
experience, which I hope will help others who wish to participate in this exciting
industry.
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